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Mechanisms of granulocytosis in the absence of CD18

Bruce H. Horwitz, Joseph P. Mizgerd, Martin L. Scott, and Claire M. Doerschuk

Genetic deficiency in CD18 leads to dis-
ease characterized by myeloid hyperpla-
sia, including profound granulocytosis

and splenomegaly. Myeloid hyperplasia
could directly result from the disruption

of CD18 functions essential to granulopoi-
esis or basal leukocyte trafficking. Alter-
natively, myeloid hyperplasia could be
reactive in nature, due to disruption of
essential roles of CD18 in leukocyte re-
sponses to microbial challenge. To distin-
guish between these mechanisms, the
hematopoietic systems of lethally irradi-
ated wild-type (WT) mice were reconsti-
tuted with either WT fetal liver cells or
CD18-deficient fetal liver cells, or an equal

mixture of both types of cells. Granulocy-
tosis and splenomegaly developed in mice
that received CD18-deficient fetal liver
cells. Splenomegaly was prevented and
granulocytosis was inhibited by more than
95% in mice that had received both CD18-
deficient and WT fetal liver cells, suggest-
ing that myeloid hyperplasia was largely
reactive in nature. Consistent with this
postulate, the circulating life spans in the
blood and the fraction of neutrophils that
incorporated BrdU in the bone marrow
were not increased for CD18-deficient
neutrophils compared with the WT. How-
ever, these animals did develop mild
granulocytosis compared with mice re-

constituted with WT cells alone, and a
higher percentage of CD18-deficient leu-
kocytes were neutrophils compared with
the WT leukocytes. These observations
suggest that the granulocytosis ob-
served in the absence of CD18 occurs
through at least 2 mechanisms: one that
is dramatically improved by the pres-
ence of WT cells, likely reactive in na-
ture, and a second that is independent
of the WT hematopoietic cells, involving
an alteration in the lineage distribution
of blood leukocytes. (Blood. 2001;97:
1578-1583)
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Introduction

Leukocyte adhesion deficiency (LAD) is characterized by frequegtanulocytosis is resolved by the presence of WT hematopoietic
soft tissue infections and premature mortalilyLAD type | is cells, which we will refer to as a reactive mechanism. Intrinsic
caused by a genetic deficiency of CD18, tBechain of the mechanisms of granulocytosis may include alterations in the
leukocyte integrins, which are heterodimers of CD11 (CD11a, -production, emigration, or circulating life span of neutrophils, or
-c, or -d) and CD18. This deficiency leads to a loss of atheir precursors. For instance, the absence of CD18 on hematopoi-
immunologically recognizable CD11 and CD18 and the absenceeifc precursors may lead to the excessive production of neutrophils.
all CD11/CD18 functiort:? Infected tissues from patients with Another integrin31, has been reported to influence the frequency
LAD are generally devoid of extravascular neutrophils, suggestimg hematopoietic precursof<Other possibilities include defective
that CD11/CD18 complexes are often essential for neutrophils émigration of CD18-deficient neutrophils from the circula-
emigrate from blood vessels, and that this defect is responsible fian,*¢8-12 resulting in peripheral blood granulocytosis, whereas
the increased sensitivity to infection. Supporting this hypothesislsnger transit times within the sites of hematopoiesis, such as the
the observation that neutrophils from CD18-deficient patient®ne marrowg could lead to the accumulation of neutrophils in the
exhibit defective adherence to endothelitifMice lacking CD18 bone marrow and spleen. Neutrophils lacking CD11b, one of the
as the result of gene targeting demonstrate similar symptomshioding partners of CD18, exhibit reduced rates of spontaneous
patients with LAD, including defective neutrophil emigration andipoptosis; raising the possibility that decreased apoptosis of
frequent soft tissue infectiors. CD18-deficient neutrophils could play an etiologic role in the
In addition to frequent infections, patients and animals lackindevelopment of granulocytosis. If any of these mechanisms
CD18 develop marked peripheral blood granulocytosis and mgredominate, then granulocytosis should persist in the presence of
eloid hyperplasia in the spleen and marfoMowever, the mecha WT hematopoietic cells. In contrast to an intrinsic mechanism, a
nisms that lead to the development of granulocytosis have not beeactive mechanism for the development of granulocytosis may
clearly delineated. In this report, we have attempted to distinguigtvolve excessive microbial overgrowth in the face of defective
between a mechanism in which granulocytosis persists in theutrophil function2515leading to the chronic stimulation of the
presence of wild-type (WT) hematopoietic cells, which we wilbone marrow and the production of large numbers of granulocytes.
refer to as an intrinsic mechanism, and a mechanism in whidthnis reaction would be suppressed by the presence of sufficient
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numbers of WT neutrophils, because these cells should proviéldoptive transfer

normal ,an,t'm'(,:mb'al funct|0n.. . . . Far adoptive transfer experiments, blood was collected from the inferior
To distinguish between an intrinsic and a reactive mEChan'Sm\ana cava of donor mice into a heparinized syringe. Blood from WT and

granulocytosis, we endeavored to compare the properties of WpH18-deficient animals was mixed and 250 immediately injected into
and CD18-deficient neutrophils in the presence of WT hematop@hirradiated C57BL/6-CD45.1 hosts. Hosts were bled by retro-orbital
etic cells. To accomplish this, mice with mixtures of WT ancuncture at the indicated times after injection. The percentage of donor
CD18-deficient neutrophils in their blood were generated botreutrophils and the ratio of WT to CD18 neutrophils within the donor
stably, by reconstitution of the hematopoietic system of lethalgopulation were determined by flow cytometry.

irradiated WT mice with mixtures of WT and CD18-deficient fetal

liver cells, and transiently, by adoptive transfer of a mixture of WBrdU labeling of bone marrow neutrophils

and CD18-deficient blood cells into nonirradiated WT hosts. OlFkror determining BrdU-labeling index of bone marrow neutrophils, host

results suggest that granulocytosis occurs through both reactive aaghais were injected with 0.6 mg of BrdU intraperitoneally twice,
intrinsic mechanisms. separated by 12 hout$ Twenty-four hours after the first injection, bone
marrow cells were harvested and red blood cells were lysed. Cells were
stained with PE-conjugated Gr-1 and biotinylated CD11a, and biotin was
. revealed with streptavidin-Red670. After washing, the cells were resus-
Materials and methods pended in 0.5 mL of cold 0.15 M NaCl and 1.2 mL of ice-cold 100% ethanol
was added dropwise, followed by a 30-minute incubation on ice. Cells were
washed with cold phosphate-buffered saline (PBS) and resuspended in 1%
The hematopoietic systems of C57BL/6-CD45.1 host mice were recondiaraformaldehyde in PBS with 0.05% Tween-20 and incubated for 30
tuted with fetal liver cells as describ&d® Briefly, CD18-deficient mice or Minutes at room temperature and then overnight at 4°C. The following day,
WT mice of similar randomly mixed C57BL/6 X129/Sv backgroundsCells were resuspended in 1 mL of a solution consisting of 0.15 M NaCl, 4.2
which express the CD45.2 allele of leukocyte common antigen, were maf@! MgClz, 10 pM HCI, and 100p/mL DNase (Sigma, St Louis, MO,
with the like genotype. Fetal livers were harvested on day 14 of gestatiB¥N-25), and incubated for 30 minutes at 25°C. Cells were washed with cold
and single-cell suspensions prepareds 20° fetal liver cells of either PBS and resuspended in $0. of FITC-conjugated anti-BrdU (Becton
genotype or a mixture Containingﬁ 106 fetal liver cells of each genotype DiCkinSOn, San Jose, CA), diluted 1:5in PBS, and incubated at 25°C for 30
were injected intravenously into host C57BL/6-CD45.1 mice that hainutes. Cells were washed in PBS and then analyzed by flow cytometry.
received radiation doses of 800 and 400 rads from a cesium-137 source

separated by 3 hours. After transplantation, mice received trimethopri®tatistics

sulfamethoxazole in their drinking water for 1 month. Mice were main- . ) ) -
tained in full-barrier facilities Data sets were compared by analysis of variance using Statistica software

(Statsoft, Tulsa, OK). Because data collected from the 6-month animals
failed Levene’s test for homogeneity of variance, and the means and
Flow cytometry standard deviations were positively correlated, all data from 6-month

For flow cytometric analysis of blood leukocytes, the following antibodie@niMmals were log transformed before statistical analyses. Individual groups

were used: fluorescein isothiocyanate (FITC)—conjugated CD11a (M17Y¥eré compared post hoc by using either the Tukey honest significant

Pharmingen, San Diego, CA), phycoerythrin (PE)—conjugated Gr-1 (RBgLﬁerent test or Spjotvoll :_;\nd Stqllne‘s Tukey honest significant dlffere_nce

8CS5, Pharmingen), PE-conjugated B220 (Pharmingen), and biotinylat‘@&t_fo_r uneq_ual _s_ample sizes. Differences between groups were considered

CD45.2 (104, Pharmingen). Biotin was revealed with either streptavidifitatistically significant wheR < .05.

Red670 (Gibco/BRL, Gaithersburg, MD) or streptavidin-allophycocyanin

(Pharmingen). GrIight cells had forward- and side-scatter characteristics

consistent with neutrophils. Gr-1 was used to identify neutrophils, a ; :

CD45.2 was used to identify donor cells. In all experiments, reconstitutig%esuns and discussion

with CD45.2" donor cells was essentially 100%. The total absolutgranulocytosis develops after hematopoietic reconstitution

neutrophil count (ANC) was determined by multiplying the fraction O(Nith CD18-deficient fetal liver cells

CD45.2" leukocytes that were Gr9" by the white blood cell (WBC)

count. In mixed chimeras, the ANC for each genotype was determined Pypression of thed,-integrins is limited to hematopoietic tissue,

multiplying the fraction of Gr-1s" cells that were CD1aor CD11a by  anq therefore phenotypic defects observed in animals genetically

the ANC. The WBC count was determined with a hemocytometer. deficient in CD18 are also assumed to be limited to the hematopoi-
etic system. To test this assumption, WT mice were lethally

Analysis of colony-forming units in culture irradiated and injected with either WT or CD18-deficient fetal liver

The 1.5X 10* bone marrow cells from hosts animals that had received 1.‘316”5- Donor cells carried the CD45.2 allele of leukocyte common

mixtures of WT and CD18-deficient fetal liver cells 6 months previousintigen, whereas host mice did not, such that donor cells could be

were plated in Methocult GF M3543 (Stemcell Technologies, Vancouveigfinitively identified by expression of the CD45.2 allele. One or 6

BC, Canada). Seven to 10 days later, well-separated colonies wenenths after transplantation, flow cytometry demonstrated that

harvested and incubated overnight at 55°C in 0.2 M NaCl, 5 mM EDTAost animals were reconstituted with donor-derived hematopoietic

100 mm Tris-HCI pH 8.0, 0.4% sodium dodecyl sulfate, and W@mL  cells and that WT donor neutrophils expressed CD11a, whereas

proteinase K. The following day, DNA was extracted with phenolcpig-deficient neutrophils did not. Animals reconstituted with

chloroform. The 2L of DNA was used in a 25 3 primer polymerase  cny1g_qeficient donor fetal liver cells had significantly higher

chain reaction (PCR) (94°C for 1 minute, 66°C for 2.5 minute40 cycles) circulating ANCs 1 month after transplantation (Figure 1A-B).

with the following primers: CD18-8WT-5'-CTT CCT GGG ATC TGG .
TGA GTT CTG-3: CD18-3-WT-5'-ATT CCT GGG ACA CAG CTG After 6 months, both total WBC counts and ANCs were increased

GGG AGA C-3: CD18-3NEO-5-GAG AAC CTG CGT GCAATC caT  In the animals that received CD18-deficient cells (Figure 1A-B).
CTT G-3. WT (smaller) and CD18-deficient (larger) PCR products coulfrurthermore, animals reconstituted with CD18-deficient fetal liver
be distinguished by size with standard 2% agarose/Tris/borate/EDT&IIS demonstrated significant splenomegaly at 6 months (Figure
electrophoresis. Of 84 colonies analyzed, 74 gave unambiguous results.1C), and histologic analysis suggested that this was secondary to

Hematopoietic reconstitutions
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Figure 1. Myeloid hyperplasia is inhibited by the presence of WT hematopoietic

cells. (A) WBC counts of reconstituted animals 1 and 6 months after transplantation.
WT refers to animals that received only WT fetal liver cells, CD18 to animals that
received only CD18-deficient fetal liver cells, and Mix to animals that received 50:50
mixtures of WT and CD18-deficient fetal liver cells. (B) Absolute neutrophil counts of
reconstituted animals 1 and 6 months after transplantation. (C) Splenic weights of
reconstituted animals 6 months after transplantation. *, increase in Mix is significant
(P < .05) compared with WT at same time point. **, increase in CD18 is significant
(P < .05) compared with WT or Mix at same time point.

myeloid hyperplasia within the red pulp (data not shown). These
findings are characteristic of CD18-deficient mice and demonstrate
that the absence of CD18 in hematopoietic cells alone is sufficient

to cause granulocytosis.

The presence of wild-type hematopoietic cells limits
granulocytosis

To determine whether granulocytosis would develop in animals reconsti-
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presence of both WT and CD18-deficient neutrophils in the blood of
host animals was verified by flow cytometry (Figure 2). Although donor
fetal liver cells were mixed at a 1:1 ratio, we found that the percentage of
neutrophils that were CD18-deficient varied widely but in these
experiments was greater than 50% for all animals analyzed (Figure 2).
These data demonstrate that experimental animals were reconstituted by
both WT and CD18-deficient fetal liver cells. One month after transplan-
tation, there was a small but not statistically significant increase in the
ANCs of these animals compared with control animals. By 6 months
after adoptive transfer, ANCs were significantly increased compared
with the animals transplanted with WT cells, but markedly lower than
the ANCs in animals transplanted with CD18-deficient fetal liver cells
alone (Figure 1B). Although the mean ANC increased 65-fold in mice
reconstituted with CD18-deficient cells alone, the mean ANC increased
only 2-fold in mice reconstituted with mixtures of WT and CD18-
defcient cells. Six months after the transfer of mixtures of both WT and
mutant cells, neither splenic weights nor total circulating WBC counts
differed from the animals reconstituted with WT cells alone, whereas as
demonstrated previously, both parameters were significantly increased
in animals reconstituted with CD18-deficient cells alone (Figure 1A,C).
There were only minimal signs of myeloid hyperplasia within the
splenic red pulp of mice reconstituted with mixtures of WT and
CD18-deficient cells (data not shown). These results demonstrate that
the presence of WT hematopoietic cells largely, although not com-
pletely, suppresses the development of granulocytosis by cells lacking
CD18. This suggests that granulocytosis in the absence of CD18 is
caused predominantly by a reactive mechanism.

An important caveat to the interpretation of this mixing
experiment is the possibility that CD18-deficient hematopoietic
precursors compete poorly with WT hematopoietic precursors.
This could lead to a situation in which granulocytosis in the
presence of WT cells is suppressed because there are fewer
CD18-deficient precursors, despite the ability of these precursors to
produce higher numbers of neutrophils than WT precursors. To
address this possibility, we compared the percentage of colony-
forming units in culture (CFU-C) in the bone marrow that were
CD18-deficient to the percentage of neutrophils in the blood that
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tuted with mixtures of WT and CD18-deficient hematopoietic Ce||§igure 2. Host animals were reconstituted with both WT and CD18-deficient

lethally irradiated hosts were injected with 50:50 mixtures of WT arﬁ

neutrophils. The percentage of neutrophils that were CD18-deficient was deter-
ined by flow cytometry 6 months after injection of host animals with 50:50 mixtures

CD18-deficient fetal liver cells. Six months after transplantation, th@wT and CD18-deficient fetal liver cells.
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were CD18-deficient in 2 animals that were reconstituted with A2
mixtures of WT and CD18-deficient fetal liver cells. To determine
CFU-C genotypes, bone marrow cells were plated in methylcellu- 10

lose with appropriate growth factors, and 7 to 10 days later
individual CFUs were harvested and DNA prepared. The genotype
of each CFU was determined by PCR. In the 2 animals examined,
the percentage of CD18-deficient CFU-C was 80% and 92%,
whereas the percentage of CD18 neutrophils in the blood was 85%
and 77%, respectively. This limited experiment suggests that the
lack of extensive granulocytosis in animals that received mixtures

% Donor Neutrophils

of WT and CD18-deficient fetal liver cells is not caused by the 2

inability of CD18-deficient granulocyte precursors to compete with

WT precursors in the bone marrow. ) — ‘ ‘ ‘
[} 20 40 60 80 100 120

o ) ) ) Minutes
CD18-deficiency does not increase the time spent in blood or

bone marrow

100 4

—
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Although the vast majority of the peripheral blood granulocytosis
was prevented by the presence of WT cells, the ANCs remained
significantly elevated in mice that had received a mixture of WT
and CD18-deficient fetal liver cells 6 months previously. Because
CD11/CD18 facilitates neutrophil adhesion to endothelial cells
lining the blood vessels, and because CD11/CD18 can expedite
neutrophil apoptosi! it has been proposed that the loss of CD18
could directly contribute to peripheral blood granulocytosis by
increasing the circulating life span of neutrophils. Indeed, examina-
tion of a CD18-deficient human indicated that this patient's
neutrophils circulated longer than historic control valtfes)- ‘ ' ‘ ' ‘
though the disease state of this patient complicated the interpreta- 2040 Msi:,ut:; 1oe 1ae
tion. To compare the circulating kinetics of WT and CD18
neutrophils in the same physiologic environment, we performed an
adoptive transfer experiment. Blood was collected from WT and
CD18-deficient mice, mixed, and immediately injected intrave-
nously into 4 C57BL/6-CD45.1 hosts. Blood was sampled from
host mice at various times after injection, and the percentage of
donor (CD45.2) neutrophils and the distribution of WT to
CD18-deficient neutrophils within the donor population was deter-
mined simultaneously by flow cytometry. As expected, the number
of donor neutrophils in the circulation decreased over time (Figure
3A). However, the proportions of WT and CD18-deficient donor
neutrophils remained virtually constant throughout the 2 hours
sampling period (Figure 3B), and were comparable to the original
mixture before injection. Hours
. T_O dete_rmln_e Whether longer periods would rev?af' dlﬁerenc%%ure 3. The circulating life spans of CD18-deficient neutrophils is not
in circulating kinetics between WT and CD18-deficient neutrancreased compared with WT. ~ C57BL/6-CD45.1 host animals were injected
phils, a second set of 4 C57BL/6-CD45.1 host mice receivédravenously with mixtures of blood collected from WT and CD18-deficient animals.
intravenous injections of blood mixed from WT and CDlBgA) The numbers of blpod neutroph.ils (Gr-1Pright) - which were of_ dc_)nor or_igin

.. . . (CD45.2%), were determined by counting and flow cytometry at the indicated time
deficient donor mice. Agaln: the percentage of donor nemmphﬂ%nts after injection. (B, C) The percentage of donor neutrophils (CD45.2+, Gr-1Pright)
that were CD18-deficient was comparable to the original injectiomt were CD18-deficient (CD1la") was determined by flow cytometry at the
after 10 minutes, and it did not significantly differ after 3 hourgldicated'tilme points. 'Ijhel data polinlt at ti.me 0 refers 4t0. thle pgrcentage of

. . . CD18-deficient neutrophils in the original mixture before injection into the host
(Flgure 3C)‘ However, by 6 hOLII’S, the percentage of CIrCUIatlrzljxgimal.*indicatessignificant (P < .05) decrease in the percentage of CD18-deficient
donor neutrophils that were CD18-deficient significantly decreasgglirophils compared with the earlier time points. Each point represents the mean =
compared with either 10 minutes or 3 hours after injection (Figuf&M for 4 host mice.
3C). These data suggest that, between 3 and 6 hours after injection,
the CD18-deficient neutrophils disappeared from the circulation@sult from prolonged circulating life spans of CD18-deficient
a greater rate than the WT neutrophils. The mechanisms respoautrophils.
sible for this accelerated loss of CD18-deficient neutrophils To determine the transit time neutrophils spend in the bone
compared with the WT, and the physiologic significance of thismarrow, newly formed neutrophils were labeled with the thymidine
alteration, remain uncertain. However, because this alteratianalog BrdU. BrdU labeling has been used previously to evaluate
would tend to decrease rather than increase the number tloé transit time of postmitotic hematopoietic cells through the bone
CD18-deficient neutrophils in the blood, these data suggest that tharrow. The Gr-1 compartment within the bone marrow has been
peripheral blood granulocytosis of CD18-deficient mice does nmported to be predominantly postmitéfiand our preliminary
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experiments confirmed this (data not shown). A BrdU-labeling A
index was calculated as the percentage of @#lcells recovered

from the bone marrow that were labeled with BrdU. If CD18-
deficient neutrophils spend greater time in the bone marrow, they
should have a decreased BrdU-labeling index. To compare the
BrdU-labeling index, host animals reconstituted with equal mix- ™y
tures of WT and CD18-deficient fetal liver cells 6 months =
previously were injected with BrdU twice, at times 0 and 12 hours.w
Twenty-four hours after the first injection, the animals were killed,
and the bone marrow cells were stained simultaneously for CD11a,
Gr-1, and BrdU. As shown in Table 1, the labeling index of WT and
CD18-deficient bone marrow neutrophils was virtually identical
(36% = 1.1% vs 37%*+ 2.6%). The observation that approxi-
mately 30% of the Gr-1 positive cells were labeled within a
24-hour period is consistent with previous estimates that used
BrdU-labeling techniques in which the transit time of neutrophils
through the postmitotic pool in the bone marrow was about 60
hours?° This suggests that the bone marrow transit times of the W1B

and CD18-deficient neutrophils are similar. 1004 .
Altogether, these data demonstrate that, within the same physi- S
ologic environment, neither the circulating life span nor the bone a0 o
marrow transit time of CD18-deficient neutrophils are increased, B
o *

compared with the WT. These results are consistent with thez

] 8
hypothesis that granulocytosis in the absence of CD18 is not Causeg' > o

by intrinsic defects in neutrophil trafficking. 5 o
g 40 ha
Alteration in leukocyte distribution in the absence of CD18 = ¢
<

204

The data presented above strongly argue that granulocytosis in the % + °

absence of CD18 is predominantly a reactive process because it can
be repressed by the presence of WT hematopoietic cells. Nonethe-  °
less, there have been reports that other integrin molecules can
influence the development of hematopoietic precuréarg] it has _ _ ) N
been well-documented th@2-integrins are expressed in Certair]zs&iyis\/\tqat\,\;?: Sn:;tlr{;ppheil(s“.a”y (FX; \/Tintdg::rr:iﬁfﬁz I;erieDnltSaj: fIgfle\r/]\;T or
hematopoietic precursor populatiotig? To evaluate the lineage cpis-deficient leukocytes that were Gr-1*, blood leukocytes were stained and
distribution of WT and CD18-deficient |eukocytes, we compare@alyzed by flow cytometry as described in the text. The dot plot is an example of
. . N . S
the pefcentage of WT or CD18-deficient leukocytes that wefsd ceores emedion a0 L los i eeoens e 1
nEUtrOphlls in the blood of animals that had received either Waha Gr1 staining profiles of CD45.2* cells that fall within the forward- and
fetal liver cells or CD18-deficient fetal liver cells, or mixtures ofside-scatter leukocyte gate. The percentage of cells that fall within each quadrant is
both WT and CD18-deficient fetal liver cells. To accomplish thisslhown. (B) T_he percentage of WT or CD18-deficient leukocytes that were neutrqp_hils
blood leukocytes were stained with CD11a, Gr-L, and CD45.2 afiff e hom hos anmas that had receved ster Wi or G161 ftal ercels
analyzed by flow cytometry. Donor leukocytes were identified byfone. Mix-WT and Mix-CD18 refers to WT and CD18~/~ leukocyte populations,
forward- and side-scatter characteristics and staining with CD45;§£G«;S;€|CVEJYS°T ?:LT:;Z??; Tr?: fzcri:;/:ti n;ixct):(”;?xog)DOlt'; \i/ZTS?"ndiﬁ(égnltfiidPeicigg)t
Within this g,ate‘ the percentage of CD1lzells that were Grizion compared with.W'T or Mix-WT. **, in’():rease ingCDlS is significant (Ig <.05) compe;red
was determined as a measure of the percentage of WT leukoCy{@SwT, Mix-WT, and Mix-CD18.
that were neutrophils, and the percentage of CDIHdls that were

Gr-1ight indicated the percentage of CD18-deficient leukocytes

wT cD18 Mix-WT Mix-CD18
Genotype

that were neutrophils (Figure 4A). As expected, we observed

Table 1. Percentage of wild-type and CD18 /- bone marrow neutrophils that
incorporated BrdU

Neutrophil Animal

genotype 1 2 3 Average
Wild type 37 35 36 36 = 1.1
CcD18"/ 35 39 38 37 2.6

Animals reconstituted with mixtures of wild-type and CD18~/~ hematopoietic
cells 6 months previously were labeled with BrdU for 24 hours. Expression of Gr-1
and incorporation of BrdU were determined by flow cytometry. The percentages of
wild-type and CD18~/~ neutrophils (Gr-1+) that incorporated BrdU are shown. The
percentages of Gr-1* cells that were CD18-deficient were 85%, 83%, and 79% in
animals 1, 2, and 3, respectively. A separate experiment, again with 3 mice, confirmed
no differences in BrdU-labeling indices between WT and CD18-deficient neutrophils
in the marrow.

Increase in the percentage of leukocytes that were neutrophils in
animals that had received CD18-deficient fetal liver cells alone
(Figure 4B). More surprisingly, in animals that had received
mixtures of WT and CD18-deficient fetal liver cells, there was also
an increase in the percentage of CD18-deficient leukocytes that
were neutrophils compared with the percentage of WT leukocytes
that were neutrophils (Figure 4B). This was accompanied by a
reciprocal decrease in the percentage of CD18-deficient leukocytes
that were presumably mononuclear cells (ie, not &¢M). Indepen
dent staining for B cells with B220 reflected this change, as the
percentage of CD18-deficient leukocytes that were B cells was
decreased compared with the percentage of WT leukocytes that
were B cells (data not shown).

In animals that received mixtures of WT and CD18-deficient
fetal liver cells, the increase in ANCs and the selective expansion of
CD18-deficient neutrophils relative to other blood cells suggest
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that CD18 plays a direct role in determining the lineage distributicion of leukocytes than for the WT population. These data
of circulating leukocytes. This alteration in leukocyte distributiosuggest that intrinsic mechanisms may be contributing to the
was a consistent finding in all mice that received mixtures afranulocytosis as well. Alterations in circulating life span
CD18-deficient and WT fetal liver cells, regardless of the ratio afppear unlikely, based on the observation that CD18-deficient
CD18-deficient to WT leukocytes in the particular animal. Furthereutrophils are cleared from the circulation no slower than WT
more, this alteration was observed in animals that received lowsgutrophils. The observation that the BrdU labeling is similar
ratios of CD18-deficient to WT fetal liver cells in the initial suggests that turnover rate in the bone marrow is unchanged,
transplantation step (data not shown). Given our inability talthough this does not exclude an intrinsic alteration in hemato-
identify defects in the trafficking of postmitotic neutrophils, wepoietic lineage commitment or an alteration in release from the
suggest that this alteration is caused by an intrinsic alteration loxéne marrow after a stressful stimulus. The data suggesting that
hematopoiesis in the absence of CD18. Further studies will bee percentages of WT and CD18-deficient CFU-C in the
necessary to conclusively determine the roles of CD18 in establisharrow parallels the percentage of WT and CD18-deficient
ing the lineage distribution of circulating leukocytes. The lineageeutrophils in the blood argues that if there is an alteration in
distribution was further skewed in the mice reconstituted withematopoietic lineage commitment, it is occurring before develop-
CD18-deficient cells alone than in the CD18-deficient populatiament of CFU-C. It is possible that a defect in the ability of an early
of leukocytes in mice reconstituted with mixtures of WT andCD18-deficient hematopoietic precursor or stem cell to compete
CD18-deficient cells, suggesting that a reactive component majth WT cells could lead both to the suppression of granulocytosis
exacerbate the skewing of lineage distributions intrinsic to CD18nd the alteration of lineage commitment that we have observed. In
deficient leukocytes. this scenario, a small number of CD18-deficient hematopoietic

Humans and mice with CD18-deficiency develop granulocyt@recursors could be producing an increased number of granulo-
sis. There appears to be several mechanisms underlying ttyses per precursor. This could lead to equivalent numbers of WT
abnormality. More than 95% of the granulocytosis is suppressadd CD18-deficient neutrophils in the blood but a paucity of
when WT neutrophils are present. We suggest that the most lik&élp18-deficient mononuclear cells, leading to a skewing of the
explanation for this phenomenon is that CD18-deficient neutrophiiseage distribution. Evaluating this possibility will require detailed
exhibit defective antimicrobial functions, resulting in infectionanalyses of early hematopoietic progenitors beyond the scope of
subsequent stimulation of the bone marrow, and reactivieis study. Thus, the exact mechanisms underlying the intrinsic
granulocytosis. When WT neutrophils are present, they providemponent of the granulocytosis remain to be determined. The
antimicrobial functions that limit granulocytosis, despite thelysregulation of circulating neutrophils resulting from CD18
presence of neutrophils lacking CD18. However, even in thdeficiency is clearly complex and multifactorial, likely resulting
presence of WT neutrophils, a mild but significant granulocytdrom the loss of CD18 functions essential to leukocyte lineage
sis develops over time, and the percentage of leukocytes that digtribution combined with the loss of CD18 functions essential to
neutrophils is consistently higher for the CD18-deficient populdrost defense and homeostasis.
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